Thirty-eight derivatives of 3-hydroxy-2-methylpropanoic acid, each with two different oxygen functionalities, were synthesized and subjected to the standard dirhodium experiment ( 1 H NMR in the presence of an equimolar amount of the chiral dirhodium tetracarboxylate complex Rh*). Their structures represent ester, amide, carbonate, ether, alcohol and/or epoxy groups. Significant selectivity in the binding of those oxygen groups to the complex were determined. From these results, a priority list in binding to a rhodium atom of Rh* was established:
During the last decade, we introduced the dirhodium method for chiral discrimination of soft and hard enantiomeric Lewis base ligands using the enantiomerically pure dirhodium(II) tetrakiscarboxylate Rh ( Chiral ligands form diastereomeric adducts with Rh* (Scheme 1) so that two sets of NMR signals appear for the ligand nuclei. The chemical shifts difference within such duplicated signals are called dispersion effects,  (recorded in Hz); the signal intensities allow the determination of enantiomeric purities of enantiomeric ligands in mixtures [3] .
Recently, we have shown that chiral compounds with various oxygen functionalities can be differentiated by the dirhodium method easily, although oxygen, as a hard Lewis acid, is a weak donor in this system [4] ; and this holds even for epoxides [5] and ethers [4] . The present paper reports our latest dirhodium experiment investigation on the selectivity of different oxygen groups (esters, amides, alcohols, ethers, epoxides) in disubstituted model compounds. We wanted to establish a sequence of binding abilities for oxygen-func-tionalities for prediction of the favoured binding site in polyoxygenated natural products.
Natural products chemistry is full of chiral polyoxygenated compounds. Recently, we found in a comparative study that Rh* shows a remarkable binding selectivity when several different oxygenfunctionalities (alcohol, ether, carbonyl, etc.) are present in a molecule [6] . Selectivity is an important feature if various functional groups in a molecule compete for binding to a chiral NMR auxiliary because its absence diminishes diastereomeric differentiation by averaging effects on NMR signals in the various individual adducts. This is particularly the case when using chiral lanthanide shift reagents (CLSR) [7] , which, as hard Lewis acids, form thermodynamically stable adducts with most hard Lewis bases, e.g. alcohols and esters. On the other hand, CLSR are nearly ineffectual with ethers. In the present study, we report the results of our project in which we systematically investigated by pairwise competition between two different oxygen functionalities in a given chiral molecule. A selectivity scale of complexation site preference in polyfunctional substrates was our goal. We investigated 38 model compounds, most of which are structurally derived from 2-methyl-3-hydroxypropanoic acid (Scheme 2). Some of these compounds are readily available, and it is easy to interconvert these groups and to transform them into others. Note that related derivatives of 2-methyl-3-hydroxypropanoic acid are frequently used for asymmetric synthesis studies and as chiral synthons for natural product synthesis [8, 9] . Another reason why we chose those model compounds is the fact that they are highly flexible in their conformational behavior and can adopt several conformations very close in ground state energies. The major reason for that flexibility is the branching inside the 3hydroxybutanoic acid core; independent of the conformation, there is always gauche-interaction inside the molecule. In addition, the Cmethyl group creates a stereogenic center (C-2). As expected, interconversion barriers are generally low and are overcome easily at room temperature. So, the problem of different conformations for the free substrate and the same molecule bound to Rh* in the adduct can largely be avoided; such unwanted effects may cause diastereomeric NMR signal dispersions per se. Figure 1 shows the three most stable conformations of 2, which differ by less than 1 kJ/mol in our DFT calculations; these three dominate the conformational equilibrium of this compound.
In the following, each bifunctional substrate will be discussed in a separate section. After structure schemes, the relevant 1 H and 13 C NMR data of the substrate nuclei are listed in tables that contain complexation shifts
providing information about the complexations site, particularly the 13 C NMR spectroscopic data. The larger the positive values, the closer is the respective nucleus in terms of intervening bonds [4]; the chemical shift values, (free substrate), are listed in the Supplementary Data file. The second value in each entry (as an integer) is the difference in chemical shifts of each nucleus in the two diastereomeric adducts. This parameter is called dispersion  (in Hz). Note that it is dependent on the spectrometer frequency, which is 400.1 MHz for 1 H and 100.6 for 13 C in the present study [4] .
The tables in the following text contain only the most significant data of the compounds. Complete tables are added to the Supplementary Data file. The data show that the major complexation site is the ether oxygen at C-3 because the largest -values occur at those carbons flanking that oxygen. However, a considerable but minor proportion of carbonyl complexation is present as well. Interestingly, this sequence of binding abilities holds even for the carboxylic acid 1 and the primary alcohol 7. 
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Scheme 4: Structures of the amide-ether ligands 10 -20. table in the Supplementary Data file) . Therefore, we conclude that both ester and amide carbonyl behave similarly in this molecular system; i.e. providing substantial but not prevailing binding to Rh*.
Ethers and alcohols
Scheme 5: Structures of the alcohol-/ether ligands. The data sets belonging to each R' residue are marked by "a" or "b", respectively; no stereochemical assignment.21 -25. The primary alcohol 21 shows that the OH is the major binding site, although the ether oxygen is quite a strong competitor. This is totally different for the tertiary alcohols 22 to 25 where the OH is practically inactive. Apparently, such OH groups are sterically congested to such an extent that it is very difficult to approach the rhodium so closely that complexation can take place. Note that the major mechanism of ligand-Rh* interaction is electrostatic dipole-dipole attraction [4] . The ligands 26 to 29 contain a carbonate and an ester group. As can be seen from the data in Table 4 (see also the complete Table 4 in the Supplementary Data file), all 1 H complexation shifts are below 0.1 ppm, indicating weak binding. The carbonyl carbons show some weak effects, and those of the ester (C-1) are prevailing. Thus, it appears that both functionalities are ineffective, but the ester group is somewhat stronger than the carbonate. This is in line with expectations because a carbonate C=O is a weaker dipole than an ester-C=O. The situation is similar in 31 with the ester group oriented in the opposite direction. Ligand 30, however, is a primary alcohol which in agreement with observations above (7 and 21) and below (32) is the major binding site. Interestingly, the -values are particularly large for the carboxylic acid 7 in contrast to corresponding ethers 2 -9. It is reasonable to assume that the orientations of the enantiomeric ligand molecules in the adducts are particularly different for 1 due to hydrogen-bonding as a secondary effect. This is not the case for the alcohols, not even the primary ones.
Esters and carbonates
Ether and epoxides
Conclusion:
The following sequence of binding affinities can be extracted from the investigation described above: 
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Experimental
The synthesis of Rh* has been described before [2] . Compounds 2, 7 and 32 -38 are commercially available. The carbonates 30 and 31 were supplied by N. Al-Awadi and H. H. Dib, Chemistry Department, Kuwait University [10] . The synthesis of the ester 9 has been described before [11] . The syntheses of the remaining new compounds are described in the Supplementary Data section. All ligand molecules (1 -38) were prepared and subjected to the dirhodium experiment (see below) as racemates.
Many reactions are simple conversions of organyl residues described in text-books. Short descriptions as well as physical data, yields, NMR chemical shifts, coupling constants, IR and MS data are given in the Supplementary Data; full details may be taken from J. Mattiza´s doctoral thesis [12] . 1 H (400.1 MHz) and 13 C (100.6 MHz) NMR measurements were recorded at room-temperature on a Bruker Avance 400 spectrometer. Samples were ca 0.01 to 0.025 mmolar in CDCl 3 . Standard Bruker software and parameter sets have been used for 1D and 2D NMR spectroscopy. In the standard dirhodium experiment, Rh* and equimolar amounts of the ligands were dissolved in 0.7 mL CDCl 3 ; quantities of 10 to 25 mg of Rh* (ca 0.01 to 0.025 mmolar concentration) were employed. If necessary, the dissolution process was accelerated by exposing the NMR sample tubes to an ultrasonic bath for a couple of minutes.
Addition of acetone-d 6 for increasing the solubility of Rh* has been recommended, but this was avoided because acetone-d 6 is a competitor in the adduct formation of oxygen-functionalities [3, 4] .
Note that -values (diamagnetic dispersion effects) are B 0 -dependent and have no absolute signs here because racemates were investigated. All dispersion values are given as integers in Hz as determined at B 0 = 11.75 Tesla corresponding to 400 MHz 1 H and 100.6 MHz 13 C. IR spectra were recorded on a Bruker Vector 22 and ESI HRMS on a Micromass LCT. All molecular structures were calculated by density functional methods (B3LYP, 6-31G* level) using the SPARTAN ´08 package, Wave function Inc., Irvine, CA, version 1.0.0 [13] .
Supplementary data: -Synthetic procedures and spectral data of the free ligand compounds 1 -38, as well as complete Tables 1 -5 containing complexation shifts and dispersion effects are contained in the Supplementary data.
